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undergo magnetic resonance imaging (MRI). Its influence on
image quality is not well known.
OBJECTIVE To evaluate cardiac magnetic resonance (CMR) image
quality and to characterize myocardial contraction patterns by
using the Advisa MRI system.
METHODS In this international trial with 35 participating centers,
an Advisa MRI system was implanted in 263 patients. Of those, 177
were randomized to the MRI group and 150 underwent MRI scans at
the 9–12-week visit. Left ventricular (LV) and right ventricular (RV)
cine long-axis steady-state free precession MR images were graded
for quality. Signal loss along the implantable pulse generator and
leads was measured. The tagging CMR data quality was assessed as
the percentage of trackable tagging points on complementary
spatial modulation of magnetization acquisitions (n ¼ 16) and
segmental circumferential fiber shortening was quantified.
RESULTS Of all cine long-axis steady-state free precession acquis-
itions, 95% of LV and 98% of RV acquisitions were of diagnostic
quality, with 84% and 93%, respectively, being of good or excellent
quality. Tagging points were trackable from systole into early
diastole (360–648 ms after the R-wave) in all segments. During RVThe Advisa MRI study was funded by Medtronic. Dr Schwitter, Dr
Sommer, Dr Bello, Dr L. Hayes, and Dr Kanal are consultants to Medtronic.
Mr Chang and Mr Osch are employed by Medtronic. Address for reprint
requests and correspondence: Dr Juerg Schwitter, University Hospital
Lausanne, CHUV, Rue du Bugnon 46, 1011 Lausanne, Switzerland. E-mail
address: jurg.schwitter@chuv.ch.
1547-5271/$-see front matter B 2013 Heart Rhythm Society. All rights reserved.pacing, tagging demonstrated a dyssynchronous contraction pat-
tern, which was not observed in nonpaced (n ¼ 4) and right atrial-
paced (n ¼ 8) patients.
CONCLUSIONS In the Advisa MRI study, high-quality CMR images
for the assessment of cardiac anatomy and function were obtained
in most patients with an implantable pacing system. In addition,
this study demonstrated the feasibility of acquiring tagging data to
study the LV function during pacing.
KEYWORDS Advisa MRI; Cardiac MR; Dyssynchrony; Image quality;
Magnetic resonance imaging; MR tagging; Pacemaker; SureScan;
MR conditional
ABBREVIATIONS cFS% ¼ circumferential fiber shortening (%);
CMR ¼ cardiac magnetic resonance; CSPAMM ¼ complementary
spatial modulation of magnetization; HARP¼ harmonic phase; IPG¼
implantable pulse generator; LV ¼ left ventricular/ventricle;
MRI ¼ magnetic resonance imaging; PM ¼ pacemaker; RV ¼ right
ventricular/ventricle; SAR¼ specific absorption rate; SSFP¼ steady-
state free precession
(Heart Rhythm 2013;10:864–872) I 2013 Heart Rhythm Society. All
rights reserved.Introduction
Magnetic resonance imaging: A need for patients
with varying diseases
Given that 85% of all patients with pacemakers (PMs) have
one or more comorbidities, facilitating comprehensive multi-
specialty care is important.1 Magnetic resonance imaging
(MRI) makes early detection of medical conditions possible
and offers important advantages over other imaging tech-
nologies, including the absence of ionizing radiation,http://dx.doi.org/10.1016/j.hrthm.2013.02.019
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imaging plane.2 MRI is recommended for the workup of
many neurological, oncological, and musculoskeletal dis-
eases because of its unmatched ability to accurately visualize
soft tissue.
An increasing need for PM implantations has been
observed3 and almost a decade ago, researchers initiated
testing of the MR compatibility of implantable pulse
generator (IPG) systems.4 The EnRhythm MRI trial first
tested clinically an IPG system and dedicated leads for MRI
outside the chest region.5 The second generation Advisa MRI
SureScan pacemaker system consists of the Advisa MRI IPG
and 2 CaptureFix 5086MRI leads (Medtronic Inc, Mounds
View, Minnesota; CE mark #1364434, approved 2009). The
technical improvements and MR-specific developments
incorporated into the Advisa system are called SureScan by
the manufacturer and are designed for safe access to MRI.Evaluation of cardiac function by cardiac magnetic
resonance
Accurate evaluation of left ventricular (LV) systolic function
is crucial, as it relates to patients’ prognosis and can provide
important clinical insight into their disease process. Accord-
ingly, the most recent European guidelines now recommend
cardiac magnetic resonance (CMR) for the workup of patients
with heart failure, particularly when echocardiography pro-
vides images of inadequate quality.6 Systolic LV function is
commonly assessed by using 2 MR techniques that were
evaluated in this study: the steady-state free precession (SSFP)
cine imaging technique and the tagging technique.7–10 The
SSFP approach is the most widely used pulse sequence in
clinical routine CMR.11–13 With this SSFP sequence, typically
the entire heart is covered by cine 2-, 3-, and 4-chamber long-
axis and short-axis views, thus yielding measures of chamber
volumes, ejection fraction, wall motion, and myocardial
remodeling.14 MR tagging is more commonly used for
research purposes, but it also has clinical applications.15 With
a tagging approach, the magnetization of tissue is locally
modified, for example, during end-diastole, by alternating the
direction of the magnetization locally, which results in black
and white lines or grid patterns projected onto the myocar-
dium. These lines or grid points are then tracked throughout
the cardiac cycle by analyzing either the signal amplitude or its
phase (harmonic phase [HARP] analysis).16,17 This tagging
approach can differentiate between local tissue deformation
and passive tissue motion, for example, owing to tethering,18
and it can quantify LV dyssynchrony. Future tagging appli-
cations could encompass the analyses of contractile function
for selecting patients for cardiac resynchronization therapy7 or
for dyssynchrony assessment of patients with implanted IPGs.
Since the MR technique is susceptible to artifacts caused
by devices and ferromagnetic materials,19,20 the CMR image
quality was assessed in this trial. In addition, the feasibility of
acquiring tagging data in patients during pacing was
evaluated, an application of CMR that has not been reported
before in a multicenter setting.Methods
Clinical study end points
The Advisa MRI study is a prospective, randomized
controlled, nonblinded, multicenter international clinical
study (ClinicalTrials.gov Identifier NCT01110915). The trial
was performed in accordance with the Declaration of
Helsinki and laws and regulations of the participating
countries. Each center obtained Institutional Review Board
approval of the trial protocol, and patients gave written
informed consent prior to study enrollment. Patients were
recruited if they met class I or II 2-chamber PM implant
indications,21 were able to undergo a nonclinically indicated
MRI, and had no implanted MR unsafe devices or materials.
There were 269 subjects enrolled, and a total of 263 subjects
were implanted with the Advisa MRI system and randomized
2:1 to either receive an MRI scan or not (Figure 1). MR
examinations were performed on 1.5-T systems from 3
common vendors (General Electric [Milwaukee, WI], Philips
[Best, The Netherlands], and Siemens [Erlangen, Germany]).
Primary objectives evaluated MRI-related complications and
pacing capture threshold changes from pre-MRI to 1-month
post-MRI; the study passed both primary end points, demon-
strating that the Advisa MRI system was both safe and effective
when used according to its labeling. Image quality and
applicability of tagging sequences were evaluated as secondary
objectives and are summarized in this article.Image quality
The relevant MRI parameters for the SSFP and tagging
acquisitions as used in the current study are provided as the
online supplemental material (see Table A). The CMR data
were collected during the 9–12-week visit and were sent on a
CD to Medtronic. A review of the MR images was
performed by experienced MR readers (under the guidance
of T. Sommer for SSFP acquisitions and J. Schwitter for
tagging acquisitions).
The evaluation of SSFP image quality was based on a 7-
point grading scale for the LV (grade 1: excellent; grade 7:
nondiagnostic) and a 5-point grading scale for the right
ventricular (RV; grade 1: excellent; grade 5: nondiagnostic).
Grades 1–3 for LV and grades 1 and 2 for RV represent
excellent or good image quality. The rating scale took into
account whether artifacts from the leads or IPG impaired the
ability to delineate the endocardial and epicardial borders
and to assess ventricular function via the observation of
systolic myocardial wall motion and thickening (for details,
see Table B in the online supplemental material). Figure 2
presents examples of images depicting either excellent or
nondiagnostic quality. The analysis was performed on
electrocardiogram-triggered cine 2-chamber (LV evaluation)
and cine 4-chamber (LV and RV evaluation) scans acquired
with SSFP sequences, which are known to be particularly
sensitive to artifacts induced by magnetic field distortions
such as those produced by the presence of metallic implants.
While a variety of CMR tagging techniques are currently in
use,15 the quality analysis was limited in this study to the
Figure 1 Flowchart of patient recruitment and MR scans performed. CSPAMM¼ complementary spatial modulation of magnetization; LV¼ left ventricular;
MRI ¼ magnetic resonance imaging; RV ¼ right ventricular.
Heart Rhythm, Vol 10, No 6, June 2013866subgroup of patients with CSPAMM (complementary spatial
modulation of magnetization) acquisitions (n ¼ 16), as this
technique is well established, provides a longer tag line
persistence and a higher signal compared to SPAMM,22 and
shows a high reproducibility for dyssynchrony assessment.7 To
expose all study participants to the same level of transmitted
radiofrequency power/specific absorption rate (SAR), a SPAMM
acquisition was performed in centers without the capability for
CSPAMM acquisition. An example is shown in Figure 3.Tagging data analysis
On the midventricular short-axis CSPAMM images, a mid-
wall circumferential contour was drawn manually at a heart
phase with a good blood-to-myocardium contrast in mid-
systole. As the reference point for the 6 segments, the anterior
junction of the RV to the interventricular septum was chosen
(cross in Figure 3) and segments were numbered clockwise as
viewed from the apex. The tagging points on the contour were
then tracked individually over all cardiac phases to match the
HARP values of the initial heart phase image. The residual
phase difference between original and tracked tagging points
was considered as a residual tracking error (GT volume,
version 1.4.19, GyroTools GmbH, Zurich, Switzerland).Quality assessment of the tagging data and
measurements of deformation
The HARP analysis tracks tagged tissue points by identify-
ing the phase of the signal over consecutive heart phases
(images). If the phase is altered by artifacts, this tissue point
cannot accurately be tracked. If the mean phase error of all
contour tagging points of a segment exceeded 251 (on theinitial heart phase image 1801 corresponds to the tag line
distance of 8 mm), this segment was categorized as not
adequately tracked onto this heart phase with respect to the
first initial heart phase. The number of heart phases with
adequate tracking was counted for each of the 6 segments as
well as the entire LV circumferential contour. As the
temporal resolution of the CSPAMM sequence is 35 ms,
the trackable time period was calculated as the number of
adequately tracked heart phases multiplied by 35 ms. This
calculation was performed for each of the 6 segments as well
as for the entire LV circumferential contour. Also, adequate
tracking until the end of the cardiac cycle was evaluated for
each segment as well as the entire LV circumference and was
expressed as the percentage of evaluations.
For deformation assessment, an optimized tracking algorithm
was used where individual tagging points exceeding specific
error limits were corrected on the basis of the position of
accepted neighboring tagging points. These limits were defined
as a maximal tracking error of 91 for each tagging point as well
as a maximum displacement corresponding to the tagline
distance of 8 mm. Linear interpolation of radial distance and
angle with respect to the contour center was used. Corrected
tagging points were color coded in red (Figure 3).Statistical analysis
The objectives were descriptive without performance
requirements. Descriptive statistics were generated to sum-
marize the image quality in the presence of an Advisa MRI
system as well as to characterize contraction patterns of
cardiac muscle tissue.
Figure 2 Examples of horizontal (HLA) and vertical (VLA) long-axis cine images of the heart in diastole and systole acquired with an SSFP technique in
patients with a 2-chamber Advisa MRI pacemaker implanted in the left (panels A and C) and right (panel B) chest wall. A: HLA images: Minor susceptibility
artifacts around the atrial and ventricular leads with characteristic dark signal voids and bright rims (arrows) due to nonlinear spatial misregistration and signal
pileup, as a result of alterations in the static magnetic field near the ferromagnetic leads. The artifacts do not interfere with the ability to delineate the RV and LV
endo- and epicardial borders and to evaluate cardiac function. Minor IPG-related off-resonance stripe artifacts in chest wall not reaching the heart (star). VLA
images: No lead- or IPG-related artifacts in the LV and LA region. Minor IPG-related susceptibility artifacts with dark signal voids in the superior left chest wall
(curved arrow) and IPG-related stripe artifacts in the middle and caudal chest wall (star), not interfering with the ability to assess the heart. Quality for functional
LV and RV assessment was rated excellent (grade 1) and good (grade 2), respectively. B: HLA images: Subtle susceptibility artifacts around the atrial (short
arrow) and the ventricular (long arrow) lead. Star: Minor signal void due to the IPG in the right chest wall not reaching the heart. VLA images: No lead- or IPG-
related artifacts. Quality for LV and RV functional assessment was rated excellent (grade 1). C: HLA images: Susceptibility artifacts around the atrial (short
arrow) and the ventricular (long arrow) lead without relevant interference to evaluate RV and LV function. However, pronounced IPG-related susceptibility
artifacts with dark signal voids (curved arrow) and IPG-related stripe artifacts (star) affect the apical lateral and septal segments of the LV. VLA images:No lead-
or IPG-related artifacts in the LV and the LA region but severe IPG-related susceptibility (curved arrows) and off-resonance stripe artifacts (star) affect the LV
apical anterior and inferior segments. Quality for functional LV and RV assessment was rated nondiagnostic (grade 7) and poor (grade 4), respectively. IPG ¼
implantable pulse generator; LA ¼ left atrial; LV ¼ left ventricular; MRI ¼ magnetic resonance imaging; RV ¼ right ventricular; SSFP ¼ steady-state free
precession.
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Figure 3 Examples for CSPAMM acquisitions
without (A) and with (B) an artifact related to the
pacing lead in the RV (5 representative images are
shown out of 20 images covering the cardiac cycle;
temporal resolution per image: 35 ms). The corre-
sponding top rows show respective raw (magni-
tude) images, and the bottom rows show the tracked
tagging points (red points represent points that
needed interpolation because of too large errors;
for details, see the Method section). In the bottom
row, most points needed interpolation (red points)
in the inferoseptal segment. In this region, a signal
loss is seen owing to the pacing lead (red circle in
the magnitude images). Lower left corner: milli-
seconds after R-wave trigger. Cross: reference point
for slice segmentation. CSPAMM ¼ complemen-
tary spatial modulation of magnetization; RV ¼
right ventricular.
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Image quality of SSFP acquisitions
CMR data were acquired in 150 patients, and LV and RV
image quality were analyzed in 111 and 120 subjects,
respectively. For dropout reasons, see Figure 1.
Figure 4 shows the results of the assessment of the LV and
RV cine MR images. Eighty-four percent of the LV images
and 93% of the RV images were of excellent or good image
quality. Overall, only 5% of the LV and 2% of the RV
images were of nondiagnostic quality. Quantitative measures
of the artifact sizes are summarized in Table 1. The leads
produced only minor artifacts such as signal voids in the
blood pool of the right atrium and RV without impact on
diagnostic image quality. All cases of poor or nondiagnostic
image quality in either the RV or the LV were a result of
IPG-related artifacts.
Image quality of CSPAMM tagging acquisitions
SPAMM tagging, that is, no CSPAMM, was applied in 127
subjects. CSPAMM data with correct parameters were
acquired in 16 subjects. In 7 additional patients, incorrect
CSPAMM acquisitions were acquired and could not beFigure 4 Quality of SSFP acquisitions for the LV and the RV. Distribution of im
the LV and grades 1 and 2 for the RV represent good or excellent image quality. Non
left ventricular; RV ¼ right ventricular; SSFP ¼ steady-state free precession.corrected as a repetition of acquisitions was not allowed
according to the study protocol (in order to guarantee
predefined SAR exposures levels in all patients; see the
Study limitations section). Results of the CSPAMM analysis
are summarized in Table 2.
The tagging points could be tracked into early diastole in
all segments of a midventricular short-axis slice, with a
tracking period beginning at the onset of the R wave and
lasting from 360 ms in segment 1 up to 648 ms in segment 4.
In particular, systolic and early diastolic tracking was
possible in the interventricular septum, where the pacing
electrode is most likely to interfere with tagging data quality
(Table 2).Circumferential fiber shortening in patients with
and without pacing
An example for a homogeneous contraction pattern in a
nonpaced patient is shown in Figures 3A (representative
tagging images) and 5B (corresponding circumferential fiber
shortening [cFS%] curves). This homogeneous pattern of
midventricular deformation during systole and early diastole
is confirmed by the group analysis (n ¼ 4; Figure 5D).age quality for the LV (A, n¼ 111) and the RV (B, n¼ 120). Grades 1–3 for
diagnostic quality is graded 7 and 5 for the LV and the RV, respectively. LV¼
Table 1 Artifacts related to IPG and leads
Characteristics No. of subjects
Artifact measurement (mm),
mean  SD (range)
Presence of lead-related artifact for the cine 2-chamber scan
No 112 (99%) 29.0 (29–29)
Yes 1 (1%)
Presence of IPG-related artifact for the cine 2-chamber scan
No 63 (56%) 24.3  20.9 (2–110)
Yes 50 (44%)
Presence of lead-related artifact for the cine 4-chamber scan
No 10 (8%) 13.3  5.1 (3–33)
Yes 110 (92%)
Presence of IPG-related artifact for the cine 4-chamber scan
No 90 (75%) 34.2  25.5 (5–120)
Yes 30 (25%)
IPG ¼ implantable pulse generator.
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show a dyssynchronous contraction pattern with a limited
shortening contribution of the interventricular septum
(Figure 5A, red shaded area; for details see the figure
legend). This dyssynchronous contraction pattern resembles
that of a left bundle brunch block, which results in a reduced
stroke volume as demonstrated earlier by using similar
tagging techniques in unpaced patients with left bundle
brunch block.7 Unlike in the patient with ventricular pacing,
in the patients with atrial pacing (n ¼ 8; Figure 5C), a
homogeneous systolic contraction pattern is observed similar
to the unpaced patients (n ¼ 4; Figure 5D).
The peak cFS% in the patients without ventricular pacing
(n ¼ 15) was 17.7%  5.0%, which is close to the normal
range of 17.4%  2.2%measured in healthy volunteers by
using a similar CSPAMM tagging technique.7Discussion
Performance of SSFP cine imaging
Cine SSFP acquisitions yielded good to excellent image
quality for the LV and the RV in most cases, and only 5% of
the LV and 2% of the RV MR acquisitions were of
nondiagnostic quality. While the SSFP sequences are nowa-
days the backbone of most clinical CMR studies,23 this SSFP
technique is also one of the most sensitive sequences with
regard to local field inhomogeneities that can occur in
patients with metallic and/or electronic implants. While the
local field inhomogeneities did cause local artifacts along the
electrodes, their magnitude was insufficient to significantly
degrade or affect image quality in the vast majority of
patients. The MRI technique is robust and mostly independ-
ent of the patient’s anatomy that explains the high quality
level of MR studies obtained in a large registry-based data set
with approximately 11,000 patients.23 In this registry, good
quality image is the one that completely answer the questions
for which the CMR study was ordered. This quality level was
achieved in 90% of all patients. While this Advisa MRI study
included a relatively small number of patients, the resultsmay still adequately reflect the CMR performance in these
patients considering 35 centers participated. Among many
Advisa MRI system modifications to ensure safety, the leads
were modified to reduce RF heating and the amount of
ferromagnetic materials was limited. These modifications
may have reduced the level of artifacts observed in the trial;
however, no proof for such a mechanism can be derived from
the trial.
In the newest guidelines of the European Society of
Cardiology, CMR obtained a class I indication for the
workup of patients with known or suspected heart failure
and inadequate echocardiographic quality or when echocar-
diography does not yield a conclusive study.6 These guide-
lines clearly underline the clinical utility of CMR. In light of
the Advisa MRI safety profile and high quality of CMR
images obtained in this study, it appears adequate to use
CMR also in the heart failure patient population with this
MR-conditional pacing system implanted for the assessment
of cardiac anatomy and function.
Performance of tagging CMR
For a detailed analysis of tissue deformation, tagging
techniques are often applied as they assess deformation in
various myocardial layers and they can differentiate between
active contractile activity of tissue or passive motion due to
tethering.18 In addition, tagging data offer the potential for
fast (semi)automatic analyses, which would reduce interob-
server variability.17 Therefore, the feasibility of tagging data
acquisition and (semi)automatic analysis was evaluated in
the Advisa MRI trial. The HARP procedure could track the
CSPAMM tagging points during the entire systole into early
diastole from 360 to 648 ms after the R wave in all segments.
Thus, the CSPAMM sequence performed well in these
patients with PMs and allowed for a semiautomatic analysis.
LV deformation in systole and early diastole in
patients with sinus rhythm and during pacing
To our knowledge, apart from a case report,24 this is the first
systematic study on systolic contraction measured by using a
CMR tagging technique in humans during pacing. While
these data are preliminary, they show a homogeneous LV
systolic contraction pattern in nonpaced patients with an
Advisa MRI system implanted. Similarly, in patients with
atrial pacing, the tagging acquisitions demonstrated a homo-
geneous systolic contraction at the midventricular LV level.
In the population with atrial pacing or without pacing, the
measured maximum cFS% was close to the normal range as
measured by tagging elsewhere.7 In contrast, in the patient
with RV pacing, a dyssynchronous systolic contraction
pattern was documented by using the tagging approach.
An analysis of the systolic deformation in this patient
demonstrated an intraventricular unloading into the lateral
wall at early systole and little contribution of the septum to
the global systolic LV deformation (Figure 5A). The tagging
data were acquired in a small sample of only 16 patients, and
future studies are warranted to investigate systolic
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Heart Rhythm, Vol 10, No 6, June 2013870deformation in more detail during atrial and ventricular
pacing in humans.
Study limitations
The imaging conditions to obtain SSFP and tagging data do
not perfectly match daily routine examination conditions.
The SAR exposure was defined by the study (2.0 W/kg for
average whole body and 3.2 W/kg for head scans), and
therefore, all patients had to undergo the identical number of
acquired series. For example, a breath-hold sequence of 10–
15 seconds interrupted by inadequate patient cooperation
was not repeated, yet these data contributed to the image
quality analysis. Malpositioned slices were not considered
for data quality, as the target organ was not visualized
entirely. In real-life MRI, malpositioned slices would be
reacquired, which was not allowed in this study per protocol
(in order to expose all patients to the same number of
acquired series, ie, the same SAR level). In clinical MRI
scans, where typically only 1 region is examined, the SAR
exposure would be lower than that tested in this study, where
heart and brain scans were all performed in 1 examination.
The stack of short-axis cine SSFP images was acquired in all
patients to expose them to adequate SAR values. These
acquisitions were not acquired during breath-holds and
therefore were not evaluable for quality. It is assumed that
image quality of long-axis and short-axis SSFP acquisitions
is comparable as blood inflow effects in SSFP acquisitions
are minimal in both short-axis25 and long-axis12 acquisitions.
The CMR sequences to assess myocardial viability were
performed for safety evaluations only (without contrast
medium administration) and were not evaluated for quality.
It should be mentioned in this context that most viability and
perfusion CMR sequences are based on fast gradient echo
readouts that are less susceptible for field heterogeneities
than the tested SSFP sequence.
The acquisition of CSPAMM data was dependent on the
system configuration available, predefined before study
launch. Thus, a patient selection bias is unlikely to be
introduced by the use of CSPAMM vs SPAMM acquisitions,
but cannot be entirely excluded.
Finally, while echocardiography is a useful diagnostic
tool in cardiac imaging, it was not evaluated within
this study.
Conclusions
The high percentage of patients with good to excellent image
quality of cardiac SSFP cine images indicates that a CMR
scan is a viable option for patients with SureScan technology
provided by the Advisa MRI system. The benefit of adding
CMR to a cardiologist’s repertoire means additional options
for diagnosis in patients with PMs, which is particularly
helpful when other imaging modalities are inconclusive.
Although studied only in limited quantities, the CSPAMM
tagging approach appears suitable to study LV function
during pacing in humans in the presence of this pacing
system.
Figure 5 Systolic segmental deformation in paced and nonpaced patients assessed by CMR tagging. A: A dyssynchronous systolic contraction pattern in a
patient during RV pacing is shown (image data of this patient are shown in Figure 3B). The segments of the lateral LV wall (blue lines for segments 2/3) show an
initial positive cFS%, that is, a stretching (shaded blue area), which is followed by a contraction phase with the delayed peak cFS% (blue arrow) in comparison to
the peak cFS% of the other LV segments (black arrows). The septal segments (dashed lines for segments 5/6) contribute little to the overall LV shortening
(shaded red area) resembling a left bundle brunch block pattern.7 B:Homogeneous contraction pattern in a nonpaced patient (image data of this patient are shown
in Figure 3A). C: Homogeneous contraction pattern in patients during an AOO pacing mode (n¼ 8) with a homogeneous timing of deformation in all segments.
Segment 2 appears to contribute most to the LV systolic deformation in this patient group. The sample size was not sufficient to further explore this possible
difference. D: In the nonpaced patient group (n ¼ 4), a homogeneous deformation pattern in all 6 LV segments is observed in agreement with the observation
obtained in the patient example in panel B. cFS% ¼ circumferential fiber shortening; CMR ¼ cardiac magnetic resonance; LV ¼ left ventricular; RV ¼ right
ventricular; SSFP ¼ steady-state free precession.
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